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GRAPHICAL USER INTERFACE FOR
INTERACTIVE CONSTRUCTION OF
TYPICAL CROSS-SECTION FRAMEWORKS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to computer soft-
ware. More specifically, the present mnvention relates to a
computer software application that facilitates the interactive
design of three dimensional (3-D) structures based on cross-
section frameworks.

2. Description of the Related Art

Currently, computer aided design (CAD) applications are
available that allow a designer or engineer to build a computer
model of a real-world 3-D object. Such models are generally
based on the real-world geometry of the object being mod-
eled.

Many real-world structures may be modeled as a longitu-
dinal structure, composed from a series of repeating cross-
sectional elements. For example, a CAD model of road may
be modeled as a series of individual cross-sections, and each
cross-section may be specified by a collection of parameters
that specily the geometry and characteristics of the cross-
section. In addition to roadway lanes, other examples of struc-
tures that may be modeled as a series of repeating cross-
sections 1nclude, sidewalks, tunnels, dams, bridges, runways,
pipelines, individual pipes, and the like.

Accordingly, some current CAD applications allow users
to generate a 3-D model using a series of cross-section ¢le-
ments integrated into a single a longitudinal structure. In most
cases, however, the cross-section elements that may be placed
into the CAD model are limited to those provided by the
particular CAD application. Given the virtually infinite vari-
ety of real world variation that occurs in the actual cross-
sections of these structures, however, the unavailability of an
adequate number of cross-sections has, historically, been a
severe limitation on the usefulness of current CAD applica-
tions.

At the same time, simply providing additional cross-sec-
tion elements for a CAD application has proven to be both
cost prohibitive and time consuming. Further, efforts to pro-
vide users with a CAD application that allows a designer to
specily each cross-section with the required real-word varia-
tion has led to overly complex CAD applications that have
been difficult and cumbersome for designers to use. Hence,
these CAD applications have failed to gain widespread accep-
tance.

Accordingly, there remains a need for an improved CAD
application that allows a designer to generate amodel of a 3-D
longitudinal structure as a series of repeating cross-sectional
clements. Preferably, such a CAD application would allow
users to create cross-sectional elements with enough variety
so as to be useful in modeling real-world structures, without
requiring a system that defines all of the different possible
cross-section elements 1n advance, and without exhibiting the
complexity present in current systems.

SUMMARY OF THE INVENTION

Embodiments of the invention provide an intuitive, simple,
yet effective means for building a CAD model of real-world
physical structures modeled using a series of repeating cross-
sectional elements.

One embodiment of the mvention provides a method for
building a computer model of a longitudinal structure using a
graphical user interface display. The method generally
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2

includes providing a catalog of subassemblies, wherein each
subassembly 1s represented as a data component that stores
modifiable parameters, and a logic component that generates
a parameter-specific geometry of the subassembly for use 1n
a cross-section of the model. Once a subassembly 1s selected
for the model, the method generally further includes, execut-
ing the logic component to generate the parameter-specific
geometry for the subassembly and integrating the subassem-
bly 1nto the cross-section of the model, based on the param-
eter-specific geometry.

The parameter-specific geometry of the subassembly may
include point, link, and shape information generated from the
modifiable parameters by the logic component. In one
embodiment, point information specifies locations on the
subassembly where the subassembly may be connected to
other subassemblies, link information specifies linear con-
nectivity between at least two point locations of the subas-
sembly, and shape information defines at least one closed
shape formed from the link information.

In building a particular longitudinal structure, users may be
provided a catalog of subassemblies appropriate for the struc-
ture. The catalog may be displayed to a user by displaying an
on-screen 1mage that represents each subassembly. In one
embodiment, subassemblies are placed into the computer
model by aligning an on-screen display image of a first sub-
assembly’s hook point to a loop point of a second subassem-
bly present 1n the model. Further, the graphical user interface
may be configured to snap the on-screen display image of the
subassembly hook point defined for the first subassembly to a
loop point of the second subassembly whenever the hook
point 1s moved to a location within a specified distance from
the loop point of the second subassembly.

Another embodiment of the invention provides a com-
puter-readable medium containing a program, which when
executed by a processor, performs an operation for building a
computer model of a longitudinal structure. The operations
generally include providing a catalog of subassemblies,
wherein each subassembly 1s represented as a data compo-
nent that stores modifiable parameters, and alogic component
that generates a parameter-specific geometry of the subas-
sembly for use 1n a cross-section of the model, and providing,
a graphical user interface that allows a user to select a subas-
sembly, to modity the parameters for the subassembly, and to
integrate the subassembly 1nto the computer model.

Another embodiment of the invention provides a computer
aided design (CAD) system for building a CAD model of a
longitudinal structure. The system generally includes a
design application program, a subassembly database wherein
cach subassembly in the database includes a data component
that stores modifiable parameters, and a logic component that
generates a parameter-specific geometry of the subassembly
for use 1 a cross-section of the model. The system also
generally includes a computer model database, wherein the
computer model database stores the parameter specific geom-
etry of each subassembly of the cross sections of the model.
The system generally further includes a graphical user inter-
face configured to allow a user to drag and drop an on-screen
image representing a subassembly, selected from a catalog
display of subassemblies, into an existing computer model.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which embodiments of the present
invention may be understood 1n detail, a more detailed
description of the invention, briefly summarized above, may
be had by reference to the appended drawings. These draw-
ings, however, 1llustrate typical embodiments of the invention
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and are not meant to be limiting of 1ts scope, for the invention
may admit to other equally effective embodiments.

FIG. 1 1s a functional block diagram 1llustrating a system
for generating a computer model of a longitudinal structure,
according to one embodiment of the invention.

FI1G. 2 1llustrates an exemplary screen display of a subas-
sembly element that may be connected to the geometry of an
existing CAD model, according to one embodiment of the
ivention.

FIG. 3 1s a functional block diagram illustrating compo-
nents of a subassembly element, according to one embodi-
ment of the mvention.

FIG. 4 illustrates an exemplary graphical user interface
screen that includes a catalog of subassembly elements,
according to one embodiment of the invention.

FIG. 5 1s a flow chart 1illustrating a method for adding a
subassembly element to a CAD model of a longitudinal struc-
ture, according to one embodiment of the invention.

FIG. 6 illustrates an exemplary graphical user interface
screen for adding a subassembly element to computer model
of a longitudinal structure, according to one embodiment of
the invention.

FI1G. 7 1s a flow chart illustrating a method for integrating a
subassembly element into a computer model of a longitudinal
structure, according to one embodiment of the mvention.

FIG. 8 illustrates an exemplary graphical user interface
screen that shows a completed cross-section assembly, com-
posed from a set of subassembly elements, according to one
embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the invention allow users of a CAD appli-
cation to build computer models of longitudinal structures
that may be represented as a collection of individual cross-
sections. Each individual cross-section may include a number
of subassemblies that define the geometry and characteristics
of the cross-section. In one embodiment, a graphical user
interface displays a catalog of basic subassembly elements.
Each basic subassembly may include a default set of geom-
etry parameters and a logic component configured to generate
the actual geometry for the subassembly when 1t 1s included in
a CAD model. Users may modily these parameters when
adding a basic subassembly to a CAD model to account for
the vanation that occurs in real-world structures. In one
embodiment, a user adds a basic subassembly to a model by
dragging and dropping an image of the basic subassembly
from a catalog display mto an on-screen, cross sectional
representation of the longitudinal structure being modeled.
Doing so triggers the logic component defined for the subas-
sembly to generate the CAD model geometry for the subas-
sembly using the geometric parameters. After the user has
selected a location within the existing CAD model to place
the subassembly, the CAD application integrates the subas-
sembly into the geometry of the overall longitudinal structure
being modeled.

For purposes of 1llustration, examples are described herein
with reference to building a CAD model of a cross-section of
a simple two lane roadway. As described above, however, the
CAD application described herein may be used to model any
3-D object capable of being represented as a longitudinal
structure composed from a series of repeating cross-sections.
In one embodiment of the present invention, a computer-
readable medium containing a program that when executed
by a processor, performs operations for building a computer
model of a longitudinal structure by providing a catalog of
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4

subassemblies, where each subassembly 1s represented as a
data component that stores modifiable parameters, and a logic
component that generates a parameter-specific geometry of
the subassembly for use 1n a cross-section of the model, and
providing a graphical user interface that allows a user to select
a subassembly, to modity the parameters for the subassembly,
and to itegrate the subassembly 1nto the computer model.

The term “computer-readable medium” as used herein
refers to any medium that participates in providing mnstruc-
tions for execution by a processor. Such a medium may take
many forms, including but not limited to, non-volatile media
and volatile media. Non-volatile media includes, {for
example, optical or magnetic disks. Volatile media includes
dynamic memory.

FIG. 1 1s a functional block diagram illustrating a CAD
environment 100 for generating a CAD model of a longitu-
dinal structure, according to one embodiment of the mven-
tion. In one embodiment, the components provided by envi-
ronment 100 may be computer software applications
executing on a computer system such as a desktop computer,
server, laptop computer, tablet computer, or the like. As
shown, the CAD environment 100 includes, without limita-
tion, a design application program 105, a graphical user inter-
face 110, a user mput device 115, a subassembly catalog
display 120, a CAD model geometry display 125, a basic
subassembly data 130, and a modeled structure geometry data
135. Additionally, the components i1llustrated in FIG. 1 may
be present on multiple systems communicating over com-
puter networks including local area networks or disparate
wide area networks such as the Internet. For example, the
graphical user interface 110 and the design application 105
may be processes executing on a client computer in commu-
nication with databases 130 and 135 executing on networked
server computer.

In one embodiment, the design application program 105 1s
a computer program configured to generate the CAD model,
such as the Civil 3D® application program and associated
utilities available from AutoDesk, Inc. The CAD model
defines the alignment, characteristics, and geometry of the
3-D structure represented by the CAD model. The geometry
of the structure being modeled, and its constituent subassem-
bly components, may be displayed on graphical user intertace
110 connected to a display device 145. The subassembly
catalog display 120 provides an on-screen display of basic
subassembly elements that may be used to build each cross-
section of the CAD model. As a user selects to add additional
subassembly elements to the CAD model, the model geom-
etry display 125 updates the display of the CAD model pre-
sented to the user. Geometry structure data 135 for the CAD
model may be stored 1n structure geometry database 135.

User input device 115 allows users to select which subas-
sembly elements to add to a cross-section and to select a
location within a current cross-section to position the subas-
sembly. Typically, user mput devices 115 may include a
mouse pointing device and a keyboard to manipulate graphi-
cal user interface 110.

In one embodiment, each subassembly includes point, link,
and shape information that defines the geometry for a given
subassembly. Generally, point information specifies loca-
tions on a subassembly where it may be connected with other
subassemblies. In one embodiment, the logic component may
be configured to generate point information that provides the
coordinate locations for a point within 1n a given geometry.
Link information specifies how points are connected together
within a given geometry. Thus, link information indicates the
connectivity between a pair of points. Shape information
defines one or more closed shapes formed from the link
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information for a given subassembly, or group of subassem-
blies. Shape information may be used 1n certain engineering,
calculations related to the geometry being modeled, e.g., the
volume of asphalt required to construct a given cross section
of roadway lane, or the length of a gutter defined by multiple
cross-sections of the geometry

FI1G. 2 1llustrates a CAD model that includes the point, link
and shape information for a roadway lane subassembly 205,
along with a curb and gutter subassembly 210, according to
one embodiment of the invention. As shown, the current
cross-section includes roadway lane subassembly 205. The
roadway lane subassembly 205 includes loop points 220, _,
used to align additional subassemblies dragged into the dis-
play of the current cross-section of the CAD model. For
example, curb and gutter subassembly 210 may be added to
the current cross-section by aligning curb and gutter hook
point 230 with loop point 220, of subassembly 205. In one
embodiment, each basic subassembly may be configured to
include a hook point 230 that provides the focus for adding
the subassembly element to the geometry of an existing CAD
model.

The mouse cursor 235 i1s 1illustrated positioned at hook
point 230. A user moves the mouse cursor 233 to link the hook
point 230 of subassembly 210 with the desired loop point
within the existing CAD model displayed on model geometry
display 125. Loop points may be connected together to form
a link between subassembly elements (e.g., hook point 230
may be connected to loop point 220, ). Once a new subassem-
bly 1s added, the loop points of the newly added subassembly
serve as attachment points for additional subassemblies. A
group ol linked subassembly elements form a series of closed
shapes (1.e., the geometry for a cross-section) that follows
from the shape information defined for each subassembly
included 1n a particular cross-section. In one embodiment, a
cross-section mcludes a left group and a right group (e.g., to
represent the left and right sides of a roadway cross-section.)
Each cross-section, however, may include an arbitrary num-
ber of groups, each containing an arbitrary number of subas-
semblies. For example, after adding curb and gutter subas-
sembly 210, a user might select to add a sidewalk
subassembly to loop point 225,,.

FIG. 3 illustrates an implementation of a subassembly
clement, according to one embodiment of the invention. As
illustrated, subassembly element 300 1ncludes three compo-
nents: subassembly generation logic 305, subassembly
geometry parameters 310, and subassembly 1mage 315. In
one embodiment, the basic subassembly elements available
for a particular CAD model (e.g., a road, a runway, a tunnel,
and the like) may be stored in subassembly database 130. The
subassembly image 313 presents an on-screen representation
of the subassembly 1n the subassembly catalog display 120.
The 1mages 1dentily different subassemblies to a user. The
actual geometry for a particular subassembly in an existing
CAD model 320, however, 1s generated from subassembly
geometry parameters 310. When a user selects to add a sub-
assembly to a CAD model, the geometry for the subassembly
in the CAD model 320 1s generated by passing subassembly
geometry parameters 310 to subassembly generation logic
305. The subassembly generation logic 1s then mmvoked to
generate the requested geometry data used by design appli-
cation program 103.

In one embodiment, the subassembly generation logic 305
may be implemented as a macro composed using Visual
Basic® for Applications (VBA). The parameters 310 store
dimension related values that are supplied to the generation
logic 305. For example, the single lane subassembly element
205 1llustrated 1n FIG. 2 may allow users to define the con-
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figuration of 8, 10 and 12 foot wide lanes. In addition, the
subassembly generation logic 305 generate the locations of
the loop points and hook points for a given basic subassembly
300. In one embodiment, the subassembly geometry param-
cters 310 store default values for key aspects of the subas-
sembly that are passed to the generation logic 305. That 1s, the
subassembly parameters define the basic features for a par-
ticular subassembly, and allow users to define a specific ver-
sion of the subassembly by modilying the parameters as
needed. In a particular embodiment, parameters 310 may be
represented using an XML document.

During the drag-and-drop addition of basic subassemblies
300 into an existing CAD model 320, parameters are read
from the geometry parameters 310 and passed to the genera-
tion logic 305 (e.g., a VBA macro). In turn, the generation
logic 305 may be configured to generate a subassembly object
with the requested geometry that may be mtegrated 1nto an
existing CAD model 320.

Repeating this process for multiple subassemblies allows
users to create each cross-section, and ultimately, the entire
CAD model of alongitudinal structure. Further, by moditying
the parameters for each basic subassembly 300, users can
create useiul CAD models of real-world structures. In one
embodiment, the subassembly database 130 may include a
default collection of basic subassemblies 300. Users may
modily the geometry of a basic subassembly 300 by changing
geometry parameters 310. For example, a user may select to
change the parameter for a roadway lane subassembly 205 to
specily a 12 foot wide lane geometry instead ofa 10 foot wide
lane geometry. Further, by modilying subassembly genera-
tion logic 305, users may extend the variety of basic subas-
sembly components available to construct a CAD model 320
in virtually infinite ways, all without sacrificing the useful-
ness of the drag-and-drop interface.

FIG. 4 illustrates an exemplary graphical user interface
screen 400 that displays a catalog of subassembly elements,
according to one embodiment of the mvention. The screen
400 displays each of the basic subassemblies available to
include within the geometry of an existing CAD model. The
catalog displays the subassembly 1mage 315 associated with
cach individual subassembly included in the catalog. If more
subassemblies are available than may be reasonably viewed
on catalog display 120, scroll bar 450 may be used to scroll
through the available subassemblies.

Ilustratively, the screen 400 includes basic subassembly
clements used to construct a cross-section of a roadway. Thus,
the screen displays subassembly 1images for a barrier subas-
sembly 410,, a lane subassembly 410,, a curb and gutter
subassembly 410,, a curb subassembly 410,, a guard rail
subassembly 410 and a side ditch subassembly 410... In one
embodiment, each subassembly 1s represented using subas-
sembly 1image 313. In addition to being displayed on screen
400, each basic subassembly 410 may be selected by mput
device 115 and integrated into an existing CAD model 320
using a drag-and-drop mechanism. In one embodiment, the
catalog assembly uses I-drop® technology as described 1n
commonly owned, U.S. patent application Ser. No. 09/479,
606 the relevant teachings of which are hereby incorporated
by reference. The 1-drop mechanism allows a user to select a
subassembly from the display catalog 120 using one of the
1-drop 1cons 415, . and drop the selected subassembly 1nto
the geometry of an existing CAD model 320. In other
embodiments, other known drag-and-drop functionalities
may be implemented.

FIG. 5 1s a flow chart illustrating a method 500 for adding
a subassembly element to the geometry of an existing CAD
model, according to one embodiment of the invention. The
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operations of method 500 are described 1n reference to the
graphical user mterface screen illustrated in FIG. 6. The
method 500 begins at step 510 when a user selects a subas-
sembly (e.g., one of subassembly elements 410, . using
1-drop 1con 415, ) from the subassembly catalog display 120
to 1tegrate 1to a cross-section of an existing CAD model.

FIG. 6 illustrates an exemplary graphical user interface
screen for adding a subassembly element to the CAD model
of a longitudinal structure, according to one embodiment of
the invention. As shown, FIG. 6 1llustrates screen 600 of the
CAD model geometry display 125 after a user has selected to
add a basic lane subassembly 410, to the geometry of an
existing cross-section 625. The subassembly 410, includes
the hook point 610, which may be used to drag the subassem-
bly using mouse cursor 605. For example, a user may move
the mouse cursor 605 to attach the hook point 610 to one of the
loop points 6135. The existing cross-section 625 includes three
subassemblies already added to the existing geometry. In
addition, centerline 620 provides a reference point for the
geometry of the current cross-section. In this case, centerline
620 represents a center of the cross-section.

In one embodiment, as subassemblies are added to a cross-
section, they are associated with a group. The centerline
divides the current cross-section into two groups, one the lett
and one on the right side. Depending on the complexity of the
structure being modeled, additional subassembly groups may
be defined. On the right side of the centerline 620, the geom-
etries for subassemblies for a curb, a gutter, and a roadway
lane are present 1n the existing geometry. In this illustration,
the roadway lane 1s being added to the left side group of the
current cross-section.

Returming to the method 500 1illustrated 1in FIG. 5, after a
user drags a selected subassembly into the existing geometry,
at step 520, the design application program 105 retrieves the
default parameters for the selected subassembly and displays
these values. For example, the parameter display dialog 635
shown 1n FIG. 6, illustrates the default parameters for the
basic lane subassembly 410,. Illustratively, the default
parameters for the basic lane assembly include a version, a
side, a width, a depth, and a slope. At step 530, a user may
select to modify the default subassembly parameters to create
the geometry for the selected subassembly. For example, 1f a
user changed the “side” parameter from “leit” to “right” the
lane would flip to represent a lane sloping downward to the
right of the cursor, allowing a user to add the basic lane
subassembly 410, to the right side group of this cross-section.

At step 540, a user selects which loop point of the existing
geometry to attach the hook point of the selected subassembly
being added to the cross-section. In one embodiment, as a
user moves the basic subassembly within 1n the display of the
current cross-section, when the hook point i1s placed near a
loop point, the interface snaps the subassembly into place
with the proximal loop point. In one embodiment, the CAD
environment 100 may include a configurable parameter
defining the required proximity between a loop point and a
hook point for the subassembly to snap 1nto place. At step
550, once the selected subassembly 1s attached to a selected
loop point, if the user desires to add additional subassemblies
to the current CAD model, then the method 500 returns to step
510, otherwise the method 500 terminates.

FI1G. 7 illustrates a method 700 for integrating a subassem-
bly element mnto an existing CAD model of a longitudinal
structure, according to one embodiment of the invention. The
method 700 begins where a user selects a basic subassembly
from assembly catalog display 120. For example, a user may
select a subassembly by positioning a mouse cursor over the
1-drop 1con 415 for a selected subassembly, clicking down a
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mouse button, and dragging the subassembly into the entity
geometry display 135. At step 710, the interface 115 paints a
representation the selected subassembly by generating a
geometry for the subassembly using 1ts associated default
parameters. I a user selects to change the subassembly
parameters, then the design application 105 may be config-
ured to re-execute the subassembly generation logic 303
using the modified parameters to redefine the geometry of the
subassembly.

At step 720, the graphical user interface 100 determines
whether the hook point of the selected subassembly 1s near a
loop point of a subassembly 1n the current cross-section. It so,
at step 730, the interface graphical user 110 may be config-
ured to snap the subassembly to the proximal loop point. By
“snap” 1t 1s meant that the position of the subassembly and
mouse cursor on model geometry display 125 1s moved for a
starting location to an ending location linking the hook point
ol the subassembly to the proximal loop point, without show-
ing a smooth ammation moving from the starting location to
the ending location. This allows users to place the selected
subassembly 1nto the current cross-section, without having to
meticulously align the two. At step 740, the method confirms
that the interface has “snapped” the subassembly to the cor-
rect loop point. For example, the user may be required to hold
down a mouse button to move a selected subassembly within
the display, and confirm an ending location by releasing the
mouse button. When a user releases the mouse button, the
subassembly 1s placed into the CAD model based on 1its
current on-screen position.

At step 750, the design application program 105 integrates
the geometry generated for the subassembly into the geom-
etry of the current cross-section of the CAD model. For
example, the structure geometry database 135 may be
updated with the geometry data generated by logic 305 and
parameters 310, along with an indication of the links between
loop points created by snapping the subassembly in to the
current cross-section. Once integrated, at step 760, 11 a user
selects to add additional subassemblies to the existing CAD
model, then the method returns to step 710, otherwise the
method 700 reaches an endpoint.

FIG. 8 illustrates the model geometry display 125 after a
user has completed a cross-section of the roadway lane using
the techniques and methods described above. As 1llustrated,
centerline 620 indicates the geometric center of the roadway
lane from a longitudinal perspective. To the leit of centerline
620 1s a left assembly group 810 that includes a left curb
subassembly 820, gutter subassembly 830, and a left lane
subassembly 840, to the right of centerline 620 1s a right
assembly group 8350 that includes a right curb subassembly
860, gutter subassembly 870, and a leit lane subassembly
880.

The geometry for each individual subassembly 1n the CAD
model 1s generated according to the parameters and genera-
tion logic, as modified by the user, to reflect the desired
geometry. In addition to allowing users to modily subassem-
blies as they are being added to a cross-section, the graphical
user interface 110 may further allow users to pull a particular
subassembly out of an existing CAD model and modity the
parameters 310 used to generate 1ts geometry. For example, in
one embodiment, a user may select to modily an existing
subassembly by double-clicking the subassembly in the
model geometry display 125.

In sum, the drag-and-drop technique, combined with the
ability to customize a catalog of individual subassemblies,
advantageously allows users to rapidly develop a CAD model
of a longitudinal structure composed as a series of repeating
cross-sections.
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While the foregoing 1s directed to embodiments of the
present invention, other and further embodiments of the
invention may be devised without departing from the basic
scope thereol, and the scope thereof 1s determined by the
claims that follow.

What 1s claimed 1s:

1. A computer-implemented method for building a three-
dimensional (3D) computer model of a longitudinal structure
using a graphical user interface display, comprising:
providing a catalog of two-dimensional (2D) subassem-
blies, wherein each 2D subassembly 1s represented as a
data component that stores modifiable parameters, and a
logic component that generates a parameter-specific
geometry of the 2D subassembly for use 1 a 2D cross-
sectional representation of the 3D computer model;

displaying an 1image associated with a first 2D subassembly
in a first portion of the graphical user interface display;

displaying the 2D cross-sectional representation of the 3D
computer model 1n a second portion of the graphical user
interface display;

detecting that the 1mage associated with the first 2D sub-

assembly 1s dragged and dropped from the first portion
of the graphical user intertace display to the second
portion of the graphical user intertace display;
in response to the detecting, executing the logic component
associated with the first 2D subassembly to generate the
parameter-specific geometry for the first 2D subassem-
bly based on default parameter values associated with
the first 2D subassembly; and
the first 2D subassembly based on default parameter values
associated with the first 2D subassembly; and

integrating the first 2D subassembly into the 2D cross-
section of the 3D computer model based on the param-
eter-specific geometry.

2. The method of claim 1, wherein the parameter-specific
geometry of the first 2D subassembly includes point, link, and
shape information generated from the modifiable parameters
by the logic component.

3. The method of claim 2, wherein point information speci-
fies locations on the first 2D subassembly where the first 2D
subassembly 1s able to be connected to other 2D subassem-
blies, link information specifies linear connectivity between
at least two point locations of the first 2D subassembly, and

wherein shape information defines at least one closed shape
formed from the link information.

4. The method of claim 1, wherein integrating the first 2D
subassembly mto the 2D cross-section of the 3D computer
model comprises, aligning, in response to a user selection, an
on-screen display image of a hook point associated with the
first 2D subassembly with a loop point associated with a
second 2D subassembly present 1n the 3D computer model.

5. The method of claim 4, wherein the graphical user inter-
tace display 1s configured to snap the on-screen display image
ol the hook point associated with the first 2D subassembly to
a loop point associated with the second 2D subassembly,
whenever the hook point 1s moved to a location within a
speciflied distance from the loop point associated with the
second 2D subassembly.

6. The method of claim 1, further comprising the steps of:

retrieving the default parameter values associated with the
first 2D subassembly;

displaying the default parameter values 1n a third portion of
the graphical user interface display; and

receiving a user modification to modity at least one default
parameter value to a modified parameter value, wherein
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generating the parameter-specific geometry for the first
2D subassembly 1s based on the modified parameter
value.
7. A computer-readable storage medium storing a program
that when executed by a processor, causes a computer system
to perform operations for building a 3D computer model of a
longitudinal structure, by performing the steps of:
providing a catalog of 2D subassemblies, wherein each 2D
subassembly 1s represented as a data component that
stores modifiable parameters, and a logic component
that generates a parameter-specific geometry of the 2D
subassembly for use 1 a 2D cross-sectional representa-
tion of the 3D computer model;
displaying an image associated with a first 2D subassembly
in a first portion of a graphical user interface display;

displaying the 2D cross-sectional representation of the 3D
computer model 1n a second portion of the graphical user
interface display;

detecting that the 1image associated with the first 2D sub-

assembly 1s dragged and dropped from the first portion
of the graphical user interface display to the second
portion of the graphical user intertace display;
in response to the detecting, executing the logic component
associated with the first 2D subassembly to generate the
parameter-specific geometry for the first 2D subassem-
bly based on default parameter values associated with
the first 2D subassembly; and
the first 2D subassembly based on default parameter values
associated with the first 2D subassembly; and

integrating the first 2D subassembly into the 2D cross-
section of the 3D computer model based on the param-
cter-specific geometry.

8. The computer-readable storage medium of claim 7,
wherein the parameter-specific geometry of the first 2D sub-
assembly 1ncludes point, link, and shape information gener-
ated from the modifiable parameters by the logic component.

9. The computer-readable storage medium of claim 8,
wherein point information specifies locations on the first 2D
subassembly where the first 2D subassembly 1s able to be
connected to other 2D subassemblies, link information speci-
fies linear connectivity between at least two point locations of
the first 2D subassembly, and wherein shape information
defines at least one closed shape formed from the link 1nfor-
mation.

10. The computer-readable storage medium of claim 7,
wherein the graphical user mterface display 1s configured to
align, 1n response to a user selection, an on-screen display
image of a hook point associated with the first 2D subassem-
bly with a loop point associated with a second 2D subassem-
bly present 1n the 3D computer model.

11. The computer-readable storage medium of claim 10,
wherein the graphical user interface display 1s further config-
ured to snap the on-screen display image of the hook point
associated with the first 2D subassembly to a loop point
associated with the second 2D subassembly, whenever the
hook point 1s moved to a location within a specified distance
from the loop point associated with the second 2D subassem-
bly.

12. The computer-readable storage medium of claim 7,
wherein the program when executed by the processor, further
causes the computer system to perform operations for build-
ing the 3D computer model, by performing the steps of:

retrieving the default parameter values associated with the
first 2D subassembly;

displaying the default parameter values 1n a third portion of
the graphical user interface display; and
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receiving a user modification to modily at least one default
parameter value to a modified parameter value, wherein
generating the parameter-specific geometry for the first
2D subassembly 1s based on the modified parameter
value.

13. A computer aided design (CAD) system for building a
3D computer model of a longitudinal structure, comprising:

a Processor;

a memory storing a design application program;

a display device;

a 2D subassembly database, wherein each 2D subassembly
in the database includes a data component that stores
modifiable parameters, and a logic component that gen-
erates a parameter-specific geometry of the 2D subas-

sembly for use 1n a 2D cross-sectional representation of
the 3D computer model; and

a computer model database that stores the parameter-spe-
cific geometry of each 2D subassembly 1n the 3D com-
puter model;

wherein the design application program when executed by
the processor 1s configured to:

display, on the display device, an image associated with a
first 2D subassembly 1n a first portion of a graphical user
interface associated with the design application pro-
gram,

display, on the display device, the 2D cross-sectional rep-
resentation of the 3D computer model 1n a second por-
tion of the graphical user interface,

detect that the image associated with the first 2D subas-
sembly 1s dragged and dropped from the first portion of
the graphical user interface to the second portion of the
graphical user interface,

in response to the detecting, cause the logic component
associated with the first 2D subassembly to be executed
to generate a first parameter-specific geometry associ-
ated with the first 2D subassembly based on default
parameter values associated with the first 2D subassem-

bly, and
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cause the first 2D subassembly to be integrated into the 21D
cross-section of the 3D computer model based on the
first parameter-specific geometry.

14. The system of claim 13, wherein the first parameter-
specific geometry associated with the first 2D subassembly
includes point, link, and shape information generated from
the modifiable parameters by the logic component.

15. The system of claim 14, wherein point information
specifies locations on the first 2D subassembly where the first
2D subassembly 1s able to be connected to other 2D subas-
semblies, link information specifies linear connectivity
between at least two point locations of the first 2D subassem-
bly, and wherein shape information defines at least one closed
shape formed from the link information.

16. The system of claim 13, wherein the design application
program 1s further configured to, in response to user input,
align an on-screen display image of a hook point associated
with the first 2D subassembly to a loop point associated with
a second 2D subassembly present in an existing 3D computer
model.

17. The system of claim 16, wherein the design application
program 1s further configured to snap the on-screen display
image of the hook point associated with the first 2D subas-
sembly to a loop point associated with the second 2D subas-
sembly, whenever the hook point 1s moved to a location
within a minimal distance from the loop point associated with
the second 2D subassembly.

18. The system of claim 13, wherein the design application
program 1s Turther configured to:

retrieve the default parameter values associated with a first

2D subassembly;

display the default parameter values in a third portion of the

graphical user interface; and

recerve a user modification to modify at least one default

parameter value to a modified parameter value, wherein
generating the first parameter-specific geometry associ-
ated with the first 2D subassembly 1s based on the modi-
fied parameter value.

% o *H % x
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